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November 2&, 1944

Dr. James B. Conant, Chairman
National Defense Research Committee of the
Office of Scientific Research and Development

From:  The War Metallurgy Divieion (Div. 18), NDRC
Subject: Progress Report on "Effect of Locked Up Stresses on Ballistic

Performance of Telded armor (OD-~106): Inveetigation of the
Stress Distribution across the Thickness of Weld".

The attached progress report eubmitted by John T. Norton,
Technical Representative on NDRC Research Project NRC-53, has bsen approved
by represontatives of the 7ar Lietallurgy Committee in eharge of the vork.

This report presents the results of an X-ray study of the reeidual
stress pattern acroes the thickness of a weld in low carbon steol plate.

I recommend acceptance as a satisfactory progress report on the
work under Contract ORMar-877 with the Massachusetts Institute of Technology.

Respectfully submitted,

Clyde "H1liams, Chief
%ar lietallurgy Division, NDRC
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This report is perti.nont to the problems designated by the War ° .
Department Liaison Officer with NDRC as 0D-106, and to the project dnimtcd .
by the War Metallurgy Committee as NDRC Research Project mc-ss. .

The distribution of this report is @ follows:

Copies No. 1 thru. 30 - Dr., Irvin Stewart, Executive Secretary, OSRD F
Copy No, 31 ~ Clyde Williams, Chief, War Metallurey Division (Div. 18), NDRG
and Chairman, War Metallurgy Committee
Copy Mo, 32 - Office of the Executive Socrctary, War Metallurgy Gammittoe
Copy No. 33 - V. H, Schnece, Chnirman, Products Roscarch Division, -
Yar Metallurgy Committoe i
Copy Yo. 34 = H, ', Gillett, Member, Division 18, KDRC
Copy No. 35 ~ S. D, Heron, Momber, Division 18, NDRC o
Copy Mo, 36 - Zay Jeffries, Mcmbor, Division 18, IIIRC . N
Copy No, 37 - &, #, Mehl, Member, Division 18, NDIC -
38 = R, C., Tolman, Chairman, Sub~Committee for Division 18, NDRC
39 - Rogor Adams, Member, Sub-Committee for Divisioca 18,. mn-
40 - J, E, Jackson, Stafi Alde .for Division 18, NIRC -
41 -~ Army Air-Forces, Headquarters, Assistant Chief of Adr Staﬁ‘, &S
Attn: It. Col. J. M, Gruitch, Air Ordnance Office
42 « Army Service Forcos, Office, Chief of Ordnance - Datroit
Attn: Major J. V, Coombe
43 - Arny Service Iforess, Office, Chief of Ordnance - Detroit‘
Attn: It. I, M. Dalohor,
~ Arnmy Scrvico Forces, Ordnance Design Sub-Office
Attn: Oaphi. L. J. Cogen, Franklin Institute .
45 ~ Hugo ¥. Hiemke, Assistant Welding Research &xpervisor.
War Metallurey Comnittee o
46 - L, L, Wyman, Zescarch Suporvisor, ¥ar Metallurgy Committee - '
47 - Jomn T, Forton, Technical Hepresentative, NDRC Reeearch Project ‘NRC-53
48 - D, Roecenthal, Inveetigator, SDRC Research Project MRC-53 G
49 - S, B, Maloof, Investiga.tor. NIRC Rescarch Project NRC-53

Project Lialson Off.‘.'cers

50 = Army Service Forces, Office, chiet of Ordna.nce
Attn: Col, J, H. Frye

51 « Navy Department, Burcau of Ordnance
Attn: Condr, T. J. Flymn

52 = Navy Department, Bureau of Ships,
Attn: Lt, Comdr. E. G. Toucecda

Moobors of tho Projoct Committes

63 ~ G, S, Mikhalapov, Chairman Copy No. 56 « J. J. Chyle -

Copy Ko, 54 - C, A, Adams ‘Copy No, 57 = A, V, ‘deYorest -
Copy No, 56 = Zverett Chapman Copy No, 58 « M, Gensamer
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Progress Report
com the - - . v
TNVESTIGATION OF THE STRESS DISTRIBUSION. -.
ACROSS THE THIOKNESS OF WELD
" NDRC Rasearch Project ¥RO-53 -
" -3y J. 7. Norton, D. Rosenthal and 8, B. MaloeY -

Summary

The presemt progress report is concerned wlth 'y mlhlmry um-up-
tion undertaken in nccordnnco wlth the touowing rocmendatlon of the "

Project muaory COmlittn. De 21. unn Rnport. Pu't 1. 0SED lo. 3580_.
'aprl 18, "agi, ' )

‘Wo. 4, Make datalled -my of u;. mmm otrou mttam Chrouh
tho thiokness of the phh in the nolghborhood of tho wold.

-

uotng the welded amor as well as low cnrbon phto wh!oh lo

bottor suited to tho x-ray nethod,

‘ m involtignnon has been linmited to a 101 carbon weld tor whlch sat-

isfactory x-uy otreu detorminations could e uda Ihuo not neoeuaruy
mruontatlve of the stress su\ntion oxut!.ng in th. armor nld., tho
Tesults are interesting in reveaung a marked lkin ettoot in the diotribu-
tion of residual ltross across the thicknou of nld. They also lhow tho
usefulness of cm'bining 1nfomntlon uc\u-od 'by X=ray and wire mo me“uro-

'

ments according to a nethod worhd cut n.t thh hboratory.

. Iatrotuotion

It has been shown in our previous report, OSRD lo. 35%0, p. 15. hut
the welding operation sets Up & Trestraint not enly between the weld and dase
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metals, but also between tho hyera nf the weld. 1taelf Therefore, by cuta-

ting loose a dlock of weld. bnving the full thicknoss nf ths plate, a oompleto
relaxation of stress will nnt de nchieved. As a rule. additinnal relief of
stress will take place when slicing the block through the thicknoss,

The purpose of the preaent report 1s to ahow ho'v thia additional infor-
mation can be used .to .determine tha distri’bution of the residual stross

remaining in the welded dlocks across the thickmess,

___Ohtlino of Experimental Procedures . .. — i nee

A. Specimens, .:Tho specimens ‘consisted of two. blocks. of weld, mivked:
Nes, 8 and 11 respec'ti.vc;ly."aupplied thlrd.ugh t'he--cqur.tesy.-nf Br,: ¥, .Jodassen,.
to whom wo are indebted ales for the informatinn regarding thelr orlgin, -

Both welds . were depnsi t.ed with the gsama’typo of /electrode, .namely 5/32"
class 6010 for tho firet pass on tap and bottom nf the.plate, and 1/40 type
6012 for the socond and' third passas on bath top.and brttem of .the plate,
using a double "V'-edge preparatinn, The block marked .No. 1l .wds romoved
from a panel welded with a step back cascadd procedure, whorase tha block
narkeéd No, 8 was -taken from:a pansl welded 1w cdntinuous layors from ona end
of the panel to the other., These panels are:roferred-tn iif the Progzress.'.
Report, OSED No, 3693 of tha Californla Projoct NRG-6Y; sis-panols Nos, 16
and 19 respectively, Tho. blocks served 'to doterndine-the strain rolicved inm°:
the. direction of weld. They were callod for. brewity 1longitudinal blocks,-

The shape of those blocks as dvlal;ivered ‘wag-quite irrssulur, - For tho

purpose of further measuremonts they had to be mechinsd in tha form of
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narrow rectangular pﬂ.-l..l. :rha omt dhop.otono of the \}oop :u_rq as fol=
T e 8 L 75';'0.'5"15; e thick caten
'No.."jli 1.2 x0.6 ln. :' 1-' mcx e

.

" B, .mcﬂon of t.ho weld metal, In tho oourse of "the omment tt |

appeared neceseary to check the sounduness of the metal turoughout the thick-
ness, Radiography snd macro-etching were used for this purpoee,
A |hndard radlogra.phio picizro was tahm ulin; 130 !v. -8 M 368

£ilm to h:be distmoo. a.nd n ﬁno minod Qm of tth. the Mpen' f!In No.'
’.506. ' o o

Vot

Iho merootching wn cu-rtod out on mcontn ucuonn of weld nads

for the purpose of nron mumunent. !en por eent nital etch wee qu.'.to '

uudlctor; in .me.nilng the p.rtio.ulu:-. of n.mctm a.qd defegn ?reeo_nt
in weld, . . - T . .

C. Dotommuon of reold\nl streu acrou the thlckneel. .'I’hra'e dif.-..
forent metbods were used to detemtno the nreu dhtrtbuuon acron the
thiocknees of weld, The ﬂnt method cnnsl ned morely of making z-r8y w-
fraction stroes measurements on ths hteral face of the block Ro. 11 accord-
ing to the technique duertbed. I.n our aban menuoned report OSRD 3580, _ As
for the two other methodn. they were d.erived frm a techniqua denloped a.t
this laboratory and are described I.n tho Appendix I.n more dotall. Brleﬂy .
speaking, they conpute tha amount of re-id\nl stress at varloul dopthl
bolow eurface from the ohanga of w!.re gago raadlngn on the top nnd bottom

surfade of tho 'block pmducod by -pneung and succeulve |no£ng of tho

latter, In tho nm: of thue mothodl the nml.n nge roadingu alone m
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uood for the oomputotion. wherea.o in the oeennd., a.dditinnal x-ray meaom'e-
ments of strees are made on tho new soctions fnrmed 'by slicing. Both methods
are supposed to give id.enticel results, if tho influonce of stresl. vwhich

is left a.fter the hlock hao 'been split in two. becmnol negligible in the
thioknoss direction.

Relulte

A. ngection nf 359 weld. neta.l. The ndiographic inlpection of tho

1

dlock No. 8 revoaled a great deal of pornsity in the weld.. Tho 'blook !o. 11 .

alsn ehowed some porosity. especially in the up'per layor; morenver A su'bot'm-
tial lack of moion was noticoa‘ble in tho ﬂrlt layer. C L
'.l‘heso two typeo nt defectl a:ppeored likowise in the lucoeuive lectiml

nade through the thickness, when using 104 nitel etch. A third type of
dofeot. not disclosed dy the radingrophio inlnoction, was fnund. however,
in 'block Ko. g, O 21 below the top nn-face. It consioted nf smn.‘l.l cracks.
which could bo properly callod nmres, !‘igure 1. Jhey dionponn.rad a.t‘ter
sone additional 0. 006" was removed from the mrfnce 'by etching.

. It is we11 tn pOint out at thio mnnent that these vrrticulars rreo glvan
not as an appralsal nf the qunlity nf tbc weld, but re n pouible oxplanas

tion of some ancmalies encountered in the noasurement of stress,

B, Rosidual stress pattern ncrnss tha thickness, o

1, Tho wvnluas nf streee.fnund by meant of x-rays cn the lateral

face of the block ¥~, 11 are ra'presentogl by full circ_leo in the _diogram,

Figure 2. These stresses wore measured at Minto 1, 2, and 3 marked on the

side sketch, Figure 2. They tumed. out t» be 211 ecrmpressivs otreueo of
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the sane order of mnitude. a.bout 15.000 p.s 1. Boemse of tho obvious
dhorepancy of tho-e nea.sumentl wtth thoso do-orrbod 'below. no othor
pointe of the face were inveetigated. B l .
2, The residual stress pa.ttern ;omvﬁted from tl;e wir; ‘!‘“g
yeadings on top and and bottom face, according to 'che technlqua descrtbod in
'.mcndtx. Sectton 1, is reprssented by cnnummus lines in diagrams. rigu:l.'e-
l 2 ond 3 for the blocko No. 11 and 8 raspectively. The dashed poruon cf
.thue lines has ‘been obtained by means of extnnolauon assuming end valwal
u given hy the third, “combined“ nethnd to be " aescribed shorf.ly. Both
) dt.gram are falirly wen ‘valanced owing t.o ?.he pruence ‘of & high eorpros-
) non on the top and bo'ctom faces of t.ho wold. 'rhu oomprellion wm:aa.ra to'
be o of a ra.ther suporﬂcial namre. for t'c dr«p- to loro at Jees thon 0.05"
ﬁ'om tha a'urface. 'rhe atress over the remnintng part of 't.he 'block te of B
mh cmaner mgnitudo. es-pocully tn the 'block Yo. 8. 'rha stteea mttern
in 'block !o. 11 is not only of & ;rnter ugnttudo 'chan 'cha.'c in tho ‘block
‘I‘o. 8. but also it sho" a greuter dtuynmatry. 1t is leen mt tha poah
. vglloyl m more 'pronmmoed on the bottom side, which was tho last to
'bo wold.od.. than on the top side of this 'block.

3. The omnbined method. coneistig c;f x-ray and and. wire 5_!5_
measuremente, was used' to canputo stresses ropresonted 'by o'psn ‘ciroles tn..
dhgrlms. Figures 2 and 3, The d.iameter of the circlos shows the lim!.t of
t.hl prohable error (+ 2000 pei) Becaueo of tha presence of dofeoto only a

1imited number of points were inveetlgated in sectinnl mdo leroel the

. * Aocording to the technique described in Appox;dii. ‘Section 2. '
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thicknou. In 'block No. 11. the com'bined method was need only for the two .

surfaces, but on 'block No. 8, 1t wae allo used for eeveral interlor pointl'

on the bottom half of the 'block

Discussion.of thg Retulge - . . o
The resulis 'p,lott,?d in the diegreme. F!.gure 2 u.nd 3 may be ddecuned
from two .rointe of view: a.) 'I‘he methods of etren neamrement. and 'b) Tho

residunl atreee pattem.,

R e

A, The methods of streee meaenrement According to the die.grm,

Tigure 2. & marked discrepa.ncy mt only nf va.lne, but alen nf ehn exi.lte o

betweon the streseee measured d.i.ractly 'by moans nf x—mye. full circloe,
and the etropece computed from wire gage readings, continumxe lino. To
account for thie discrepancy it muet 'be remem'bnrod that the x-mye neasuro
the valus of etreu at a p'o!.nt of the eurface. wh)rane the wire !;e.ge road=
ings are used to compute t.ho valuo of m a.verago strees in n slico of nota.'l..
removed in fbe proceu ofJL eucceuive elicinge u.u deecri'bed in Lppend!.x. N
Section 1, There is gond reasnn to 'believe tha.t the ltren on tho let.erul
faco of the 'block ie not the some ag the average utren 1n the slice of
metal considered. Benee. tho retulte of the two nethnde cn.nnot be erpected
to be tho eame. As a m\tter r~f goneral conclnlion, the direct method of’
measurement by means of _x-rays alone cumot mlve the pmblem of etren
distribution, 1if there is a marked etreee gredient in the directinn noml
to the face explored by the x-raye.

On the other hand, the nse of the wire gal'e reedinge, a.ccording ﬂo the

method explained in the Appendix, givos a ptcture af the stress dhtr!.'but!.on
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which 1s consistent with the Fequirementd of® the Balahcd-sf stress through
the thicimoes, as shown by ths continuous lines in Figures 2 and 3, .But
thls method slonme is unable to faurnish the value nf stress at the top and
bottom face of the block, except by means nf axtrapolation, Om $hs:oone -
"trm. the x-ray methnd measures thls ‘stress 4iréctly and wi thout’ any ambig-

u!.ty. Henco. thore 1s real .dvmh;o in combining thé two methods of

I . measurement,

" In addition tn the and points of ths'diagrans, Yigires 2 and 3, the
combined method of x-rays and strain gage mamsuremsnts was used to compute

. values marked by open circles in'the diagram, Figure 3. Coneidering the

. ‘small value of 'stress at the pnints considered, the relative error of mea=

f surement is ratlier large, There is, however, a génoiel agreament betwoen

! the two methods employsd.

' B. Residusl stress pattern in the wald, Ths two most striking fee~

tures of the stress dlstribution across tho thiokness of weld are: 1. the

; wide Qifferénoe between the surface stress and the stress in the interior,
‘and’ 2, ‘the superficial character nf the stress gradient. -Both features
have been found in other types of welds, in particular in the armor welds,
as will Ve shown in the next final report. Thorefore, thay are not
‘apéidental, tut constitute a common nccurrence in wolds.: It-sesms loglcal

. to deek their origin in the rate of cooling following the welding operation.
But the known fact that the last paes of weld cools down slowsr than ths

remainder of the weld deposit cannot be offsred ns a satisfaotory explanc~

l tion. Tor this would promote tension and not compression on ths surface,
Besides, 1t would not explain the very suparficial character of the mtress
gradient,
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“ . Wo socount for the presence of a compression ths .surfacs layor of the
1 ]

last pass must cool faster than thae interior of the block, This condition
can oocur only at the very late stage of cooling, probably below Loo® F.,

at which stage the flow of heat through th.e bulk of metal bocomes smallor
.than the hoat losses through the surface. Since tho residual stress pattern
is ehapsd probdebly not very m;ch above 40O° ¥., it 18 ennceivaqblle that the
final value of strees depends primarily upon the conditinne nf heat flow
existing in thie rd:':'go:of tc.mpe'.ruturo. !L’hi.s circunstance aleo would axplain
the swperficial nature of the stress ¢rud10nt. . .

In addition to the cuporfic!.d ltrul gra.dhnt. thare is & 1eu pro=
nounced stress gndhnt on the 'botton sido of the block ¥o. 11 detween tho
last paas and ths other passes nf nld. Thiu ltreu gnd.}snt .doss oomply
with the condition of a slower rate of cooling of ﬂ"xp las.t. pass, sinco 1t
puts the:latter in tension, S\ixprisigciy, no such & @_'.a.dunt hae been found
in the dlock, No. 8. Yet, mcordtﬁg to information this t_aloc‘k.\?v,ua a part
of & continuous weld, whereas dlock llo.. 11 was ta.lnen_f:;om a step back cas-
cade weld, One would maturally expect a graater difference in the rnte of
coaling in a continusus w.eld. ‘than in‘ a step back fmlca.da wald made of
small blocks 5* long. It ie quft.e. po;lible t.hnt excessive porosity present
in the dlock, Ko, & accounts for thise anonaly. In view of this situation,

1t would seem desirable to duplicate the pruont work using a more sowmd
weld metal, ' =
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Conolusion

In spite of the preliminary nature of the present work, it may de
safely concluded that thers is real interest in lﬁl.yln; the streds die-
tritution across the thickness of welds. The existence of a skin effeot
revealsd by this investigation may bave a far reaching effoot on both, tho
methods of exploration and the study of residual stress in practioe,:

A consistent picture of the stress distridution is odtainsd across the
thickness of wold, when oombining the information given by x-rays and wire
€age Teadings according to a msthod worked out at this laboratory,

Thers 1s, however, a need for more work to ascertain tha valuo of this

method,
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Section 1: Etouiuuon or resldual utreu ncrou the thi.ekneu of 'bloeh

'b‘ means of wire 559 rea,ding_.
Al polnted out previously two methode were uployad to dahmine tho

ultrlbutlon of residual streu across ths th!.eknau. Both eonl!.sted uuu-
tially of removing layers of nata.l from one ra.co or the block and computing
the change thus producsd in the remainder of thg 'Ploek. In the first of

these methods, wire gage readings were used for the eomimta.tlon of stress in

the layors romoved by slioing. The procedure was very similar to that ﬁlod

for measuring stress in cold drawn tubing (1).
Yor the theoretical assumptions and developments underlying the appli-
oation of this method, reference is nd.o to a puulutlon which will appear

shorsly (2), In the follodng only the proooduro ‘a8’ used in the prelont
work will be described. ' '

%wo eleotrie wire SRY gages wore placsd on ‘both facee of the blook, -
one on the top face, one on ths dottom face. The gages used in the Cali-
fornia Projeot were ne.vod for this purpose on blook No, 11, whoreas a now
set of SEiAl sagou was put on bdlook ¥o. 8 to permit preliminary explore~
tion of stress ‘by means of xs-ray' as exphl.ud in section 2,

The blooks were then uetlonod in half and from each half of the block

elices of metal about 1/8" ‘thick wore Femoved progressing from the midsection
toward tho outer top ox;."botton face of the blook. Tha slices were cut using
& small band saw, 24 testh per inch, No. 23 gage and 1/2 inch wide, The
cutting operation. proved to be. of no significant effect on the wire gags
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-Mngs. at least not before the thHidkness of the block became substan—
tially smaller than 0.1%, To reduce further the thickmess, careful grind-
1n¢ followed 'by etching of the cold work layer was employed.

C 'I'he change of st.rain produced on t.hn ouier face at’ emch. "tep of the
operation wae measured and plot.ted as a function of t’he Ehickness remeining
nfter the cut. 'I‘he results are represonted in diaprnms. Figurns ¥ and 5,
for 'blocks No. 11 a.nd 8 respectivoly. For conveni.ence. plots for tho bot-

tom and top gases wera com‘bined 1n one dingram. 'by using as absclssa the

o o ®S '!. I3
g po:ition of the cut. i.n the original ‘block

l‘rom theee diagrams the amount. of rssidual ‘atress S relieved ‘by the

W

out at each section wa.l computed 'by means of the followingo( formula' (2):

sal[!“tu d.)-i-a(ot—-e ) ~3(1-a) S“_t_"_"__‘z_"_é
.5(1 ;)

. -0g(5d"u) -Qob (1 -“)] LBy, AR AT T

This formula applies to the uppor half of the 'block..,}ms tha _sans tqrmu}rs

repains valld.for .the lower balf, if the indices 4.and. B Aro. interchanged,

- The.moaning. of tha, eym'boll 1s. the.{qllow;ng;
6

£ = modulus of glasticliy. = .0 x I pel for ltgel .
d fraction of the total thickuoss removod Yy slicing -
8, or 8y = total change of strain measured on top of ‘bottom gago
for the position d. after thc block hag been spli.t. and sliced
so that the thicknees has beon reduced to the fraction 1-ak
e%¢ = the chango of the tov cage, when splitting t_.ho.'bloc}: ,.i.n_. ha}f.
. 2% = sane ae -°0t but for gt_ha‘ bottom gage, and . 2

= Ths 7o emula is based on the ddimption “that thers is uo gtress in the’
direction perpendicular to 5,




it
) _l.nvolve- u1 valuos of au.xutary variable 5 compriud h.etween 0.5 and
and the uah'alpondinc valueg or_..o'f Thh 1nto¢ration is a.cconpulhod
, Srapbloatly,
.. In the nctual nppucauon ot mtu botvoon 0.5 ud 1 o.. rox- a( = 0.5

10

.
EES TR S

o ' o 5' =3 [ E7+§ St .!'.. ] #% g .-"'..:':.'::"--"‘-_' ) ‘.'-..(i!" .
M lih.‘l. b’ "nt”wn‘ ' ‘nd b Faae o R L

Stno. . . . 5
a chpok or to oorreot oventmly tho -oumt nnomun vuluu ot tho
_ llop. at the bocinning of the dila'all
ror X = 1, the term oonta.antu tho 1nto¢r51 booo-u 1nde£emna.t:o.. .
. By -ol.vu‘ tho 1ndetern1nntton thex-e rol.lovo (2) A
8 = -\' xa ’
m nh\uu N
braae

3

R "

Obvtomly. tho mot nluo of e tor o‘ =1 e-nnot bo obtuned excopt
by oxtnpolntton. The httor prooedure booolu quite uncertaln. ir tho

.l.tnn &radient is very Superfioial, as is the case in tho Present 1nvut1-
) .ntton. conttunovu 1lings 1n tho diagra.l. Mgux-o- 2 and 3 hr.wo_ beon oomputed

by Reans of ths :bon fol'lllcl u.tnc Tesults plott.d.u.z_ dlagrams Pigures 4

s 5, ' B
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Section 2, ‘Determination of residnal stress by sosbiutug xorey nd wire '
o "\':' E gage Terdings. Lo ::: - a g : a )

I; thi.i metuod the wire gage readings mersly serve to deternine a Q0F=
reotiod term..-This term is the change of, stress on the aswly formed face
produced by slicing of the specimen. 1If, in additiom, the actual volue of
stress 1s meéasured on this face by means of. x-rays, :the original valus of
stress before slicing is rsadily obtained by subtracting the Iclu:.n.ga of.
stress ‘from the stress messured after lsli_cing. !or i;'@x‘{t'ién]:ars'. rojf_e:.'onco
is mads again to the previously mentioned publication.(2).. .

The actual measuremcnts of strsss by means of x-rays wore made only on
the bottom half of the block No. 8, =£ue' before aplﬂ‘tihg :fehé slockj_;ﬁ half,
the amount .of stress'pressnt .on.both faogms-also was determined. Since thls
was done before any relief of-_qtreu-_lwt.'oqmud.-ghg..u_q- cqt'e.;mzl..neﬁ.'s_t'rese
represented the true stress on ths -wn.es. i Wige M._l.‘_'lte then. attached
to iioth-'fa.ési and theé block was ‘split.in BEalf,. Ths newly formed soction of
the bottom half was polished dnd ‘étched -for 'x=-ray déternin~tions This pro-
cedure was followed for the sucoessive sections, distant 0.3, 0,172, 0.145,
0.12 and 0,095 inches respectively from tho bottom face. To obtaln n.rsp--

resentative average, ths x-ray detorminations wers made at three points of

the section.” The laoation of $he points ia indicated in the sketch, Tigure
6 :

The results of thol_l-;a.ripu- detsrninations ars mmaund in Table I,
Using avsrage values of strees. computed,-i_.n,.'rab.],e_I._'giag';jan, H_'gui'o 6
1s cbtained similar to that rspregented by Figure 5,. oxci_p.t that there are

no points for the upper half of tho block No. 8. From these two diagrams
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the tiue valueé of itréss st each’seotisn of the bebton MLt his been diter-
ained by néans of the folloving formula (2}, = - !
3. 3- - 201 -G)JS_Q_"F;‘[(%._ -‘oo) ol |

st w o, . ( . -, o)d. LU R P )
-;au-d)j‘-‘i(-l-ﬁ—-r)i o (5 = b)
=5

. -o:(l-“)]"

K L4
oo

~ In thig formula .u -ymhoh have tho saze lunhc s 1n !ornh (I). m
for 8 vhi.ch uprounh tho actm -vougl nlu.o of nuu nu-und by m-
o!z-rm at the nouono(._ y oo g .

By putting o( -1, Mo xon,ovl -mmu to tho zomm (II). unoo
, 8% becomes sero: . . . ) _
| RLETE TN I uv)

. The ruulh of oonputauon of l;l‘.ll by means ot forw.h (III) hnve boen

N plnthd as uparato c!relo- in the diagran rtgu.n 3 at 0.3. 0.172. 0.1’&5.
0.12 and 0,095 in. from the bottqm fase, The uuu of tho o!rolo = 2000
Ppsi, represents the p.rob_ablq. error of messurement, f. fo_x_' the end po!.nt'-
of the diagran, Figure 3, they are values of stress .d..o.tu.-mtnod d!.rec:uy on
the two faces of the origiaal block ¥o. § by neans of s-rays o+ mantioned

_)Mdmuly. o . ._ - o

A somevhat dtt!mnt procoduro was louovod to obtain tho ond. poml
of the disgram Figure 2 referring to the blook Yo, 11, 8ince it wvas de-
sired to eave the original gages from Oalifornia, no direct measurenents

of stress by means of z-rays were made on the two faces defore elioing.
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“ Afeer the slicing’hovever, wihes the tye hdlves: were Fediced ul¥imately to |

AL T

»ar il

o0

some 0,11 in. in thickness, -,'It!ié’g'iiéiis---iéi‘& romoved -and t'h'd'bs',lsnce of resid=-

ual stress, loft on top and bottpn-fabe of the _%lock, - naasured; by means of

x-rays. If the amount of this streu 15 called S" and S"b respectively

{ithen the value of the.origital u'.z-,eul._s1= md..ss. .prasgnt before slioing is

sinply:
’t"b""*f‘w-“
AL hekt-Exe

sl !":-'.:. B2 g~ AU R L S

vhm o’ l.nd ‘b uprount the tota.l chango of |tra$n recorq.od. b: memn of

wire gages on the faoe consi.dered. Ae a mtter of chock the sa.me proeeduro

e vn Qppli.ed to the romining pnrts of the block No. 8. lmd tho values bom—

puted by means of formla (v) were coupared to thoao d»termi.nad. d.!.roctly

hafore slicing. In doing so, & oorrection factor for }cnndi.ng was appnad. :

$0_$ho yalues of e, and e, to accoust for the fact tuat éha,ﬂrp etrain
g.gu vere located 0 oour above tho su.rtaco of the lock. Ll ihn'vn olse~

vhe:e (2). this correction factor cay bocom ns bt@ u 7%. H tho enoing

. s carried out below the thickmess of 0,1¢ ‘und 12 ‘the atreu gradient id
: o . . Ve e e I PR U

..yory steep nesr tho p\}.rface. The relult_i_'c;f '_th'.eu:'v'a.'rié.'_\:u peasp:j&;ientl are

[
+

'l\lmari.:ed in Table 2, . T _. N

e,

As seen from this table there Il a lught dhcx‘epa.ncy betveen the

direct x-ray measurencnts and the va.lne- determi.ned vy means. of fomuh (v).

The la.t_ter,_are eomeowhat higher,

Srpe s

BRI LR L 2R S x .1 NEFLANE -2/ S
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(1) 6. Bachs & Van Fevey, Netals Technology, Yol. §, ¥o. 1
(1941) Technicsl Publication Mo, 1384,

(2) J. T. Forton & D, Rosenthal, "A Method of Neasuring Tri-
axial Eesidusl Stresses in Welded Platos] Welding Journal,
Yol, 24. 1945 (4n preparation).

RESTRICTED

QJL———-—.———-#&——'-— —_—— =




Table 1.

{ CRTEEMIMATION OF RESINAL STHESS BY MEANS OF X-RAYS I¥ TR
e

BOTTOM HALF OF BLOCK NO. &

(Yor' location of .points, see sketch; ?lmiﬁ)? o

Stress in po!.l .
Jat point.-
2 3

« 7,700~ 2;200.
~19,000 -21;600
«17,000 .-'.l.ll»',OOO
-21,2000 «23,000

~18,200{ 28,000

r
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Figure 1. Saall Oracks in Block No. 8, 0.2" Below the Top Surface,
Magnification 2x
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ABSTRACT:
A detailed study is made of the residual stress pattern through the thickness of a welded low
carbon plate to obtain some idea of the stress pattern in armor plate welds. The cross-section
of the plate was studied by X-ray and wire gage measurements according to a method worked
out by the laboratory, In spite of the preliminary nature of the present work, it may be safely
concluded that there is real interest in studying the stress distribution across the thickness
of welds, The existence of a skin effect revealed by this investigation may have a far reaching
effect on both the methods of exploration and the study of residual stress in practice.
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